Introduction
The principal objective of this work was to critically evaluate and analyze all the available data and information on the heat capacity, enthalpy, and vapor pressure of manganese and molybdenum, and to generate the recommended values of these and other thermodynamic properties from below 1 K to the mehing point and above.
The discussion of the thermodynamic properties and the details of data analysis are reported in Sec. 2 for manganese and Sec. 3 for molybdenum. The recommended values cover the temperature range from below 1 to 2400 K for manganese and to 5000 K for molybdenum.
The details of the data analysis have been discussed elsewhere. 1 The value of the gas constant used in this paper is R = 8.31441 J mol-1 K-1 •
Thermodynamic Properties 01
Manganese Manganese is a transition metal with atomic weight 54.938. Four crystalline allotropic forms exist (Table 1) : a has a complex bcc (A 12) prototype structure, f3 has a complex cubic (A 13) prototype structure, y has an fcc (A 1 ) structure isotypic with Cu, and 8 has a bcc (A2) structure isotypic with W. Transformation between the a and f3 phase is rather sluggish. f3-Mn can be preserved at low temperature by quenching; 1/-Mn can be preserved at low temperature upon quenching only by adding very small amounts of copper or nickel. In the absence of new measurements on various transition temperatures, the values listed in Table 1 selected by Hultgren et al. 41 were adopted after converting them to IPTS-68.
Low-Temperature Heat Capacity a. a-Manganese
There have been numerous measun::menls of the electronic specific heat coefficient y. Some of them, from which the recommended values are derived, are listed in Table 2 . The recommended heat capacity values below 5 K are based on the above measurements except that Gaumer's3 values tend to be gradually higher above 1 K to 17% higher at 3 K. A small nuClear contribution below 1 K proportional to T-2 . is reported in Refs. 
c. y-Manganese
The recommended C; values are based on the data of Franzosini et ai., 2 Kelley et ai., 9 HO, 17 and Ho and Phillipsls for electrolytically deposited copper-stabilized samples. The electronic specific heat coefficient of 9.2 mJ moI-1 K-2 is based on the data frUIn Rc;ft). 17 and 18, in which a small nuclear contribution below 0.5 K proportional to T-2 was also reported. The recommended C; values yielded F (298.15 K) -H" (0 K)= 51&& ± 10 J mol-1 and SO (298.15 K) = 33.140 ± 0.25 J mol-I K-1 .
The recommended C; values for all three phases are reported in Table 3 and are shown in Fig. 1 along with a few experimental data sets.
High-Temperature Heat Capacity {Solid}
The recommended C; values are based on the fairly consistent data of Braun et ai., 12 Naylor, 19 Wust et al., 21 Backhurst, 22 Awbery et al., 23 and Margrave. 24 The heats of transitions, AHa-p = 2225 ± 200 J mol-I, AHp-r = 2120 ± 330 J mol-I, and AH y _ 13 = 1880 ± 330 J mol-1 selected by Hultgren et al. 1 have been adopted.
High-Temperature Heat Capacity (Liquid)
The recommended enthalpy of fusion is based on the recent measurements of Sato and Kleppa. 25 They reported a value of 11 000 ± 840 J mol-1 for enthalpy of fusion which they calculated from their measured value of 12 760 ± 630 J mol-1 for the enthalpy of fusion of r-Mn and the known AH g; _ sand enthalpies of pure undercooled liquid manganese. This compares With a value of 12 058 J mol-1 reported by Hultgren et al. 1 and 14 100 J mol-1 reported by Braun et al. 12 A constant value of46.038 ± 2.ooJ mol-l K -1 recommended for the heat capacity of molten manganese is based on the value selected by Hultgrenet aI.,41 which compares with 47.6 J mol-1 K -1 reported by Braun et al. 12 Other thermodynamic quantities reported in Table 4 are calculated from the recommended C; values. The recommended C; values are shown in Fig. 2 along with a few experimental data sets. The estimated uncertainties in the heat capacity are about ± 5% below 20 K, ± 3% from 20 to 298.15 K, and about ± 5% above 298.15 K. Theestimated uncertainty of values for supercooled/3-Mn and r-Mn is about ± 5% below 20 K and ± 3% from 20 to 298.15 K. 
Ideal Gas Properties
C; (g) values reported in Table 4 are taken from Chase. 26 Other thermodynamic quantities for Mn(g) are calculated from· C; (g) values using R = 8.31441 J mol-1 K-1 and SO (298.15 K) = 173.606 J.. 0.001 J mol-1 K -1 as reported by Chase. 26 
2.6_ Vapor Pressure Data
Application of the Third Law test to the vapor pressure measurements gave the enthalpy of sublimation at 298.15 K as shown in Table 5 . The values for llCF , p, and hlr of Table 6 are calculated using dsubIr (298.15 K) and the Gibbs and the enthalpy values for Mn (s,t) and Mn (g) from Table 4 .
Most of the measurements for the thermodynamic properties have been carried out at temperatures based on IPTS-48 or IPTS-58. It is worth noting that the effect of converting these properties to IPTS-68 is well within the uncertainties of these values. 
Thermodynamic Properties of Molybdenum

Phases and Structures
Molybdenumhasabcc (A2) structure isotypic with W.
The melting point is based on the selection of Bedford et al. 1
which compares with the following determinations (IPTS-1968) listed in Table 7 . Roberts 12 reports a value of 0.912 K for the superconducting transition temperature.
Low-Temperature Heat Capacity
There have been numerous measurements of the electronic specific heat coefficient r and the Debye temperature e D for normal (in magnetic field) molybdenum. Some of them from which the recommended values are derived are listed in $ J mol-1 K -:-1 at 298.15 K is slightly lower than the previously selected value by Hultgren et al. 33 The adoption of a lower C; value at 298.15 K was a result of the most recent careful studies of Khriplovich and Paukov 28 on a very pure molybdenum sample. These values are tabulated in Table 9 and shown in Fig. 3 function and thermodynamic functions were derived. Agreement between y values calculated from enthalpy data and the recommended values for most compositions is shown in Table 11 .
Heat capacity values obtained from y values were compared with directly measured C; data. In order to obtain 28.660
28.602
28.57
28.592 ± 0.08 better agreement with reliable C; data, it was necessary to adjust y values slightly. Thus C; values obtained in this manner agree with the literature data as given in Table 12 . The C; values adopted by Chase et al., 34 who essentially followed the selections of Brewer and Lamoreaux,36 agree well to ± 0.5% with the recommended values. However, the C; values reported by Choudhary and Brooks 48 are up to 8 % lower than the recommended values. A systematic plot of percent deviation in y values from various measurements is shown in Fig. 4 and the percent deviation in C; values is shown in Fig. 5 .
High-Temperature Heat Capacity (Liquid)
The recommended value for the enthalpy of melting, AfusIF = 39 100 ± 1500 J mol-I, was obtained by extrapolating solid and liquid enthalpies to the melting point T fus = 2897 K. The values given in Table 13 are reported in the literature. The enthalpy values of Table 14 agree (± 1500 J mol-I) with the levitation drop calorimetric values of Betz and Frohberg. 39 Similar measurements of Treverton and Margrave 37 yielded values 8-11 kJ mol -1 lower and those of Chekhovskoi and Berezin 47 yielded values about 5 kJ mol-1 lower than the recommended values. Measurements of Betz and Frohberg 39 were over a sufficient range of temperature to establish CpU) = 40.350 ± 2.00 J mol-1 K-t, which is slightly higher than the values reported by Brewer and Lamoreaux 36 (37.782 ± 2.09 J mol-l K-1 ) andChaseetal. 34 (35.982 ± 5.44 J mol-1 K-1 ).
The recommended C; values, along with the experimental data, are listed in Table 14 and shown in Fig. 6 . Other quantities in Table 14 were calculated by integrating C; values. The estimated uncertainties in the heat capacity are ± 3% below 10 K, ± 1.5% from 10 to 298.15 K, ± 2% above 298.15 K, and ± 3% in the liquid region.
Ideal Gas Properties
Thermodynamic properties reported in Table 14 are calculated from C;(g) and S' (298.15 K) = 181.841 "1 mol-1 K -1 reported by Chase 83 and R = 8.314 41 J mol-l K-2 •
Vapor Pressure Data
Various Langmuir vapor pressure measurements were tested with the aid of the Third Law. These numerical calculations yielded the following asubIr (298.15 K) values listed in Table 15 . The values for AGO ,p, and t:Jr reported in Table 16 are calculated using asubIr (298.15 K) and Gibbs values for Mo(s,t) and Mo(g) from 
